The authors report the fluorodeoxyglucose (FDG)-positron emission tomography(PET)/computed tomography (CT) findings of a rare case of growth hormone-secreting pituitary carcinoma with multiple metastatic lesions to the skeleton. A 31-year-old male had presented with acromegaly and had received transsphenoidal resection of a pituitary tumor and adjuvant radiotherapy. However, the tumor recurred with local invasions and the patient underwent more resections and adjuvant chemotherapy. Several months later, the patient developed rising levels of insulin-like growth factor 1 and whole-body FDG-PET/CT scanning revealed multiple hypermetabolic lesions throughout the skeleton compatible with metastasis.
Introduction
Pituitary carcinomas are rare neoplasms distinguished from invasive adenomas by the presence of craniospinal and/or systemic metastases [1] . They represent approximately 0.2% of all operated adenohypophyseal neoplasms [2] . The histologic features of pituitary carcinomas vary from typical adenoma to tumor with marked pleomorphism and frequent mitoses [3] . The latency period between the presentation of a sellar adenoma and the manifestation of metastasis has a surprisingly wide range: from a few months to 18 years (median 5 years) [1, 4] . Most pituitary carcinomas are hormonally active; the predominance of non-hormonally active carcinomas in the oldest series is probably attributed to the lack of hormonal assays and routine use of immunohistochemistry [46] . Computed tomography (CT) and magnetic resonance (MR) scanning have been used to detect pituitary pathology and to demonstrate metastases elsewhere. The utility of fluorodeoxyglucose (FDG)-positron emission tomography (PET)/CT in the staging of pituitary carcinoma has not been reported to the best of our knowledge. We describe a 31-year-old patient with growth hormone-secreting pituitary carcinoma and multiple metastases to cervical, thoracic, lumbar spine, sternum, femur, and clavicles that were evident on PET/CT scan. Histological examination after the initial surgery had showed marked nuclear pleomorphism and multinucleated tumor cells. Immunohistochemical techniques were strongly reactive for synaptophysin and showed high levels of growth hormone (GH)-specific cytoplasmic staining of the tumor cells but no significant immunoreactivity for prolactin, adrenocorticotropic hormone (ACTH), thyroid-stimulating hormone (TSH), folliclestimulating hormone (FSH) or luteinizing hormone (LH). The MIB-1 antibody labeled almost every nucleus of tumor cells.
Case report
In October 2006, MR imaging of the head and wholebody FDG-PET/CT showed local recurrence of tumor (Fig. 1A,B) which mandated surgical resection of the tumor. In December 2007, the IGF-1 level began to increase continuously and the patient underwent a complete workup. MR imaging of the brain and whole-body PET/CT did not show any evidence of local recurrence in the head. However, a suspicious lesion in the sacral area was found on whole-body FDG-PET/CT and confirmed on MR imaging (Fig. 2A,B) . Subsequently the patient underwent local radiation therapy to sacral region and his IGF-1 levels decreased.
One year later, the patient was reinvestigated because of an increased level of IGF-1. At this time, the patient was free of new symptoms. A complete physical examination, including neurological examination, did not reveal new finding. A recent IGF-1 level was 1012 ng/ml; the most previous was 286 ng/ml. This abnormal laboratory finding prompted further evaluations including a MR scan and whole-body PET/CT scan. An MR study of the head showed a stable brain lesion compared with the previous study. At the same time, MR imaging of spine revealed an abnormal high T2 signal and enhancement in the S1 vertebra and in the left sacral ala that were consistent with previous findings 1 year previously. On FDG-PET/CT study, there were numerous foci of increased tracer uptake in the cervical, thoracic, lumbar spine, sternum, and bilateral proximal femur, compatible with metastatic disease (Fig. 3) . 
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Discussion Pituitary carcinomas are rare adenohypophyseal neoplasms and their definition, diagnosis, therapy, and prognosis are controversial. Most of reported pituitary carcinomas are endocrinologically active, occurring with no sex dominance. In a review of the literature on pituitary carcinoma, Pernicone et al. [1] reported the endocrinological subtypes include prolactin-producing tumors (30%), ACTH-producing tumors (28%), GH-producing tumors (10%), TSH-producing tumors (2%), gonadotropin-producing tumors (2%), and non-functional tumors (26%). Unlike other malignant neoplasms, the diagnosis of pituitary carcinoma is based on metastasis and not on histologic features such as invasion, cellular pleomorphism, mitotic activity, and necrosis [7] . Excluding intracranial metastasis, the liver is the most frequent site of metastasis from pituitary carcinoma. Other sites of systemic metastasis include lungs, bones, lymph nodes, kidney, heart and tonsils [811] . Pituitary carcinomas have a greater tendency toward systemic metastasis than craniospinal metastasis with poorer outcome for systemic disease compared with craniospinal involvement [4, 12] . It is generally agreed that distant metastasis should be documented as a prerequisite to establish the diagnosis of a pituitary carcinoma. Current neuroimaging modalities, CT and particularly MR scanning, exert high sensitivity in detecting pituitary pathology; in addition, these techniques can be used to demonstrate disease progression elsewhere and thus the presence of metastasis even when the pituitary has remained stable [5, 13] . FDG-PET provides information that is not obtainable with the aforementioned imaging modalities, and is very effective in the diagnosis and management of patients with various types of cancer. When we utilize an integrated PET/CT system, we are able to get even more accurate results providing both anatomical and functional imaging at the same position. It seems FDG-PET/CT could be useful in detecting distant metastasis of pituitary carcinoma; other imaging modalities fail to detect all of them. 
